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Abstract 
Immunocompetence of the Iowa State University S1 White Leghorn chicken line was studied. This line 
was divided into eight sublines based upon erythrocyte antigen B (Ea-B) allele (B1 B1 or B19 B19), 
antibody response to glutamic acid60-alanine30-tyrosine10 (GAT) (high or low), and response to Rous 
sarcoma virus-induced tumors (progression or regression). Antibody responses to Pasteurella multocida 
(PM), Mycoplasma gallisepticum (MG), and infectious bursal disease virus vaccines were evaluated by 
enzyme-linked immunosorbent assay. Phagocytic activity and T cell-mediated response were measured 
by carbon clearance and phytohemagglutinin (PHA) injection assays, respectively. 
Significant haplotype (subline) differences and sire family differences were observed in all three 
measurements. Significant sex differences were observed in phagocytic activity and T cell-mediated 
responses. Haplotypes with high antibody responses to GAT had significantly higher antibody titers to PM 
and MG vaccines than haplotypes with low antibody responses. Significant positive correlations were 
observed between antibody levels to the two vaccines. A significant negative correlation was seen 
between phagocytic activity and T cell-mediated response of females. The data suggest that the total 
immunocompetence profile of an individual must be considered to select for optimum immune 
responsiveness. 
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(Received for publication October 1, 1987) 
ABSTRACT Immunocompetence of the Iowa State University Si White Leghorn chicken line was studied. 
This line was divided into eight sublines based upon erythrocyte antigen B (Ea-B) allele (S'B1 orB19B19), 
antibody response to glutamic acid60-alanine30-tyrosine10 (GAT) (high or low), and response to Rous sarcoma 
virus-induced tumors (progression or regression). Antibody responses to Pasteurella multocida (PM), Myco-
plasma gallisepticum (MG), and infectious bursal disease virus vaccines were evaluated by enzyme-linked 
immunosorbent assay. Phagocytic activity and T cell-mediated response were measured by carbon clearance 
and phytohemagglutinin (PHA) injection assays, respectively. 
Significant haplotype (subline) differences and sire family differences were observed in all three measure-
ments. Significant sex differences were observed in phagocytic activity and T cell-mediated responses. 
Haplotypes with high antibody responses to GAT had significantly higher antibody titers to PM and MG 
vaccines than haplotypes with low antibody responses. Significant positive correlations were observed 
between antibody levels to the two vaccines. A significant negative correlation was seen between phagocytic 
activity and T cell-mediated response of females. The data suggest that the total immunocompetence profile 
of an individual must be considered to select for optimum immune responsiveness. 
(Key words: immunocompetence, chicken antibody response, T cell-mediated response, phagocytosis, major 
histocompatability complex) 
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INTRODUCTION 
The immune system of an individual consists 
of three major facets: phagocytosis, T cell-
mediated immunity, and antibody response. 
Coordination of these systems enables an indi-
vidual to resist infection and disease. Genetic 
control of these three facets of the immune sys-
tem may be independent. Biozzi et al. (1982) 
studied the genetic control of antibody produc-
tion in mice by using the bidirectional selection 
method. Their experiments showed that the in-
terline difference of antibody levels between 
selected high and low responders after 7 to 16 
generations ranged from 90 to 300-fold. Their 
results also demonstrated that phagocytic activ-
ity levels of both lines were similar, but the 
fates of the ingested antigens were different. 
Antigen presentation by macrophages of the 
high responders was more favorable to antibody 
production than that of low responders. There 
were no differences between high and low re-
'Journal Paper Number J-12818 of the Iowa Agriculture 
and Home Economics Experiment Station, Ames, IA; Pro-
jects Number 2237, 2351. 
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sponders in measures of T cell-mediated immun-
ity. 
Many researchers have investigated the gene-
tic control of humoral immune response in 
chickens. Siegel and Gross (1980) and Gross et 
al. (1980) selected chickens for antibody pro-
duction to sheep red blood cells (SRBC) and 
tested the resistance of selected lines to infec-
tious diseases. They found that the high-anti-
body production line was more resistant to para-
sites and viruses, but not bacteria, than the low 
antibody production line. Van der Zijpp and 
Leenstra (1980), van der Zijpp et al. (1982, 
1983) and van der Zijpp (1983) also studied 
humoral immune response of chickens to SRBC, 
with emphasis on dose, genetic origin, interac-
tion, and correlation between primary and sec-
ondary immune responses and between humoral 
and cell-mediated responses. They demon-
strated that there were significant differences 
among genetic groups and that there was no 
correlation between antibody titer to SRBC and 
cell-mediated immunity measured by 
phytohemagglutinin (PHA) response. Selection 
for antibody response to Salmonella pullorum 
antigen (Pevzner et al., 1981), and to Es-
cherichia coli and to Newcastle disease (ND) 
virus vaccines (Cahaner et al., 1986; Pitcovski 
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etai., 1987a,b) were also successful. The effect 
of B haplotype on the antibody responses to 
several vaccines was reported by Gyles et al. 
(1986). 
Cell-mediated immunity of chickens has also 
been examined and demonstrated to be under 
the influence of genetic origin (Lamont and 
Smyth, 1984; van der Zijpp, 1983). Associa-
tions of cell-mediated immunity, assayed by 
wattle reaction, have been shown with the major 
histocompatibility complex (MHC) (Clare etal., 
1985; Cotter etal., 1987; Taylor etal., 1987). 
Buschmann et al. (1985) investigated both 
cellular and humoral immunity of pigs by 
measuring physiological and functional param-
eters. They tested the immunoglobulin and the 
antibody levels of sera; the total number of 
leukocytes and the proportions of lymphocytes, 
monocytes, neutrophils, and eosinophils of 
blood; phagocytosis of yeast cells; and 
mitogenic stimulation by PHA, concanavalin A, 
pokeweed mitogen, and lipopolysaccharide. 
They found significant breed differences for 
most of the traits tested and many positive and 
negative correlations between the traits. They 
also observed some effect of regions of the MHC 
on immune response. 
The purpose of the present study was to take 
functional measurements of all three facets of 
the immune system on the same individuals to 
evaluate immunocompetence of the ISU SI 
White Leghorn line of chickens, to determine 
the influence of the MHC haplotypes and previ-
ous genetic selection on immunocompetence 
measures, and to investigate correlations among 
different components of the immune system. 
Measurements chosen were: simple, rapid, 
economical, in vivo assays that might be incor-
porated into commercial breeding programs for 
improvement of immune responsiveness. 
MATERIALS AND METHODS 
Animals. The S1 White Leghorn chicken line, 
originated and maintained at Iowa State Univer-
sity Poultry Science Research Center, was used 
in this study. This line has been used in several 
immunogenetics studies and is divided into eight 
sublines based upon previous selections on 
erythrocyte antigen B (Ea-B) alleles (BlBi or 
Bl9B19), antibody response to glutamic acid-
alanine-tyrosine (GAT) (high or low), and re-
sponse to Rous sarcoma virus-induced tumors 
(RSV) (progressor or regressor) (Cheng, 1985; 
Lamont et al., 1987; Steadham et al, 1987; 
Kim et al, 1987). A total of 450 birds from 
two to five sires/subline were used. Chickens 
were kept in individual cages with free access 
to food and water during the experiment. 
Enzyme-linked Immunosorbant Assay 
(ELISA). The ELISA was used to evaluate anti-
body responses to Pasteurella multocida (PM) 
vaccine (FC bacterin), Mycoplasma gallis-
peticum (MG) vaccine (MG bacterin), and infec-
tious bursal disease virus (IBD) vaccine (bursine 
K) (Salsbury Laboratories, Inc., Charles City, 
IA). These vaccines were administered sequen-
tially at intervals of 1 wk beginning at 6 wk of 
age. The FC bacterin was injected subcutane-
ously; MG bacterin and bursine K were injected 
intramuscularly. Blood samples were collected 
before and at 3 wk after immunization. Commer-
cially available ELISA test kits (Agritech Sys-
tems, Inc., Portland, ME) were used, per man-
ufacturer's instructions, to determine the anti-
body level to each vaccine antigen. Antibody 
levels were expressed as sample to positive (S:P) 
ratios: S:P = (sample mean - negative control 
mean) / (positive control mean - negative control 
mean). Based on manufacturer's information, 
an S:P ratio of > .2 for anti-PM and anti-IBD 
was considered positive, and an S:P ratio of 3= 
.5 for anti-MG was considered positive. 
Carbon Clearance Assay. The carbon clear-
ance assay (Glick et al., 1964; Lamont, 1986) 
was used to evaluate in vivo phagocytic activity 
of chickens and was carried out from 20 to 25 
wk of age. The supernatant fraction (3,000 g 
for 30 min) of India ink (Pelikan, Cll/1431a, 
Gunther Wagner, Hannover, FRG) was injected 
into the brachial vein of birds at a volume of 1 
ml/kg body weight. A 100 u.L sample of blood 
was collected from the opposite wing before and 
at 3 and 15 min after the carbon injection and 
transferred immediately into 2 mL of 1 % sodium 
citrate. The samples were then centrifuged at 
50g for 4 min. The relative amounts of carbon 
remaining in the supernatant of the samples were 
estimated by spectrophotometric determination 
of the absorbance of the samples at 675 nm 
wavelength, using the samples collected before 
carbon injection as zero values. Density readings 
were converted to a logarithmic scale (In). The 
phagocytic indexes (PI) were calculated as the 
negative of the slope of the line determined by 
absorbance and time. 
Phytohemagglutinin Injection Assay. A PHA 
injection assay was used to evaluate in vivo T 
cell-mediated immune response of chickens dur-
ing 26 to 30 wk of age (van der Zijpp, 1983; 
Lamont and Smyth, 1984). Birds were injected 
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intradermally in the wing web of the unhanded 
wing with 1 mg PHA-P (Difco, Detroit, MI) in 
.1 mL PBS. The control wing received .1 mL 
of PBS. The thickness of the wing webs were 
measured by a micrometer at 0 and 24 h after 
injection. The wing web swelling (WS) was cal-
culated as the difference between the thickness 
of the wing web before and after injection. The 
wing web index (WI) was determined as the 
difference between the WS of the PHA-injected 
and control wing. 
Statistical Analysis. Analysis of variance and 
Duncan's multiple-range test were used to 
analyze the data (Steel and Torrie, 1980). The 
model for testing the effects of MHC haplotype 
(Ea-B, RSV, GAT), sire family, and sex was: 
Y i jk i - M-" i + Bjj + Q + eijki 
where Y was any of the 4 observations (anti-PM 
S:P, anti-MG S:P, anti-IBD S.P, PI, and WI) 
of an individual; u. was the population mean; A 
represented haplotype, B the sire, and C the sex. 
The model for testing the effects of previously 
selected Ea-B blood type, antibody response to 
GAT, and response to RSV-induced tumors was: 
Yijk, = fjL + Di + Ej + Fk + DEij + 
EFjk + DEFijk + 
c i j k l 
where Y and |x were the same as in the model 
for testing MHC haplotype, D was the effect of 
Ea-B blood type, E was the effect of GAT re-
sponse, and F was the effect of response to 
RSV-induced tumors. The DE, DF, EF, and 
DEF were the interactions of the three main 
effects. Phenotypic correlations among the four 
traits were calculated according to Steel and Tor-
rie (1980). 
RESULTS AND DISCUSSION 
Antibody Response to PM andMG Vaccines. 
The effects of haplotype, sire, and sex on anti-
body responses to the two vaccines were mea-
sured. The results showed highly significant dif-
ferences among haplotypes and sire families for 
both antibody levels tested (P<.005). The IBD 
vaccine (results not shown) was not effective in 
immunization, perhaps due to effects of the pre-
vious vaccinations with PM and MG (van der 
Zijpp et al., 1982). Alternatively, the IBD vac-
cine failure could have been due to other factors 
that influence the effectiveness of the vaccine. 
The means of antibody levels (S:P ratios) of 
each haplotype against each antigen are pre-
sented in Table 1. These results are generally 
in agreement with the observations of Siegel 
and Gross (1980), Pevzner et al. (1981), van 
der Zijpp (1983), and Gyles et al. (1986) that 
genetic differences, especially in the MHC re-
gion, are major factors that influence the anti-
TABLE 1. Antibody responses to Pasteurella multocida (PM) and Mycoplasma gallisepticum (MG) vaccines, 
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Means within each column with no common superscripts are significantly different (P<.05). 
'Antibody responses measured by sample to positive ratios; phagocytic activity measured by phagocytic 
index (P1);T cell-mediated responses measured by wingweb index (Wl). 
2 1 = Bl; 19 = B19 ; H = high response to glutamic acid-alanine-tyrosine (GAT); L = low response to GAT; 
P = progressor response to Rous Sarcoma virus (RSV)-induced tumors; R = regressor response to RSV-induced 
tumors. 
3a-PM = Anti-Pasteurella multocida vaccine antibody. 
4a-MG = Anu-Mycoplasma gallisepticum vaccine antibody. 
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body response of chickens to different antigens. 
These differences indicate genetic variation that 
is necessary to improve the humoral immune 
response of chickens by selective breeding. 
The SI line has previously been selected ac-
cording to the Ea-B alleles (BlBx or B19B19), 
antibody response to GAT (high or low) (Pevz-
ner et al., 1978), and response to RSV-induced 
tumors (progressor or regressor). Table 2 shows 
how previous genetic selection for these traits 
influenced the antibody response to the vaccina-
tions. It is clear that Ea-B blood types have 
significant influence on the antibody responses 
to MG vaccine, but relatively little influence on 
the response to PM vaccine. The selection for 
high antibody response to GAT, a synthetic 
polypeptide, was effective in increasing the anti-
body responses to both vaccines, suggesting that 
it is possible to improve antibody responses to 
complex antigens by selecting on the response 
to a less complex antigen. These results are in 
concordance with the observations by Pitcovski 
et al. (1987a,b) that selection for high and low 
antibody response to E. coli and ND at an early 
age changed the antibody response to SRBC, a 
T cell-dependent antigen, but not to Brucella 
abortus, a T cell-independent antigen. The 
selection on response to RSV-induced tumor 
growth had no effect on antibody response 
to either of the vaccines. Some significant in-
teractions were observed among Ea-B loci, Ir-
GAT locus, and RSV response (Table 3), indi-
cating that antibody responses to antigens of 
different origin (bacterial or mycoplasmal) may 
be under different genetic controls. 
Phagocytosis and T Cell-Mediated Response. 
The PI and WI were used to evaluate the 
phagocytic activity and the T cell-mediated re-
sponse, respectively, of the SI line. Table 1 
presents the means of PI and WI of different 
haplotypes. These results show that there were 
significant differences among haplotypes in both 
traits evaluated. Significant sire family differ-
ences were also observed in the T cell-mediated 
response. 
Clare et al. (1985) demonstrated that there 
was a significant Ea-B genotype effect on the 
wattle reaction to coccidia antigen. Cotter et al. 
(1987) showed a significant influence of the B 
complex on the delayed wattle reaction to 
Staphylococcus aureus and a difference between 
males and females in their response. The present 
study supports their observations and suggests 
that phagocytosis may also be under the influ-
ence of the B complex (Lamont, 1986). 
The effects of previous genetic selection for 
Ea-B, GAT, and RSV tumor response on 
phagocytosis and T cell-mediated response and 
the analysis of variance for the interactions of 
these traits are presented in Tables 2 and 3. 
Means and the ANOVA results are given by sex 
because a previous analysis showed that there 
were significant sex differences. Significant Ea-
B type effect was observed in males for both 
TABLE 2. Effects of selection for Ea-B type, antibody response to glutamic acid-alanine-tyrosine (GAT), 
and Rous Sarcoma virus (RSV) resistance on antibody responses to vaccines, phagocytosis, 
and T cell-mediated response 





















































•Adjacent means are significantly different (P<.05). 
1 a-PM = xaxi-Pasteurella multocida vaccine antibody; a-MG 
body. 
2 Measured by phagocytic index. 
3Measured by wingweb index. 
snxX-Mycoplasma gallisepticum vaccine anti-
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TABLE 3. Analysis of variance for the effects of selection for Ea-B type (BT), antibody response to glutamic 
acid-alanine-tyrosine (GAT), and Rous Sarcoma virus tumor response (RSV) and interactions on antibody 
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'a-PM = anti-Pasteurella multocida vaccine antibody; a-MG = anti-Mycoplasma gallisepticum vaccine anti-
body; PI = phagocytic index; WI = wingweb index. 
phagocytosis and T cell-mediated response. 
Two-thirds of the significant interactions were 
also found in males only. The cause of these 
differences between sexes is not clear. 
Correlations Among Antibody Responses to 
Vaccines, Phagocytosis, and T Cell-Mediated 
Response. Phenotypic correlations were calcu-
lated separately for males and females (Table 
4). There were differences between the correla-
tions for male and female populations, but the 
cause(s) of the differences is not known. One 
possible explanation is that the true relationship 
of these traits in females (or males) could not 
be detected by these simple assays because of 
the complex interactions of the immune system 
with other physiological systems. 
Correlations between antibody responses to 
the PM and MG vaccines were positive, al-
though these vaccines have different origins 
(bacteria and mycoplasma) (Table 4). This im-
plies that selection for antibody response to one 
kind of antigen will not necessarily jeopardize 
the antibody response to another antigen. 
Most of the correlations between antibody 
response and phagocytosis and T cell-mediated 
response were not significant (Table 4). Even 
those that were significant were relatively low 
(<.3), indicating the relative independence of 
the genetic control of these three components 
of the immune system. This is in agreement 
with the observations that genetic defects in both 
humans (Good et al., 1957; Porter, 1957) and 
animals (Flanagan, 1966; Pantelouris, 1968) are 
often restricted to one of the components of the 
immune system. Alternatively, the insignificant 
correlations could also indicate a lack of cell-cell 
cooperation in generating the antibody responses 
to PM and MG. Because the T-dependency of 
these two vaccines was unknown, it is not pos-
sible to determine which explanation is more 
meaningful. 
The negative correlation between 
phagocytosis and T cell-mediated response may 
not represent the true relationship (Table 4). 
TABLE 4. Phentypic correlations among antibody 
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'a-PM = anti-Pasteurella multocida vaccine anti-
body; a-MG - and-Mycoplasm gallisepticum vaccine 
antibody; PI = phagocytic index. 
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This is because the defensive functions of 
phagocytosis come into effect immediately upon 
the invasion by the foreign materials, whereas 
the T cells need time to be stimulated and pro-
liferate before they respond to the invasion. An 
individual with strong phagocytic activity can 
fight off an invasion quickly, not allowing anti-
genic stimulation to persist for the time needed 
for the T cells to respond. But this does not 
mean that the individual's T cell-mediated re-
sponse is defective. 
In summary, selection for antibody response 
alone has not resulted in a general advantage in 
immune response levels. To select for immune 
response and disease resistance, therefore, it is 
necessary to consider the total immunocompe-
tence of an individual, not just one or two aspects 
of the immune system. It is also important to 
correlate the immune response trait measure-
ments with disease resistance characteristics and 
production performance of the individual. 
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